phology is the identification of the potential adaptive roles of morphological structures in organisms (1). Of equal interest, albeit more difficult in practice, is the identification of limits imposed by morphology on ecology and behavior. Predatorprey interactions involving gastropod mollusks have provided several clear insights into this relation between form and function. Abundant paleontological and neontological evidence documents the strong influence of predation on shell form (2). Experiments reveal the role of such gastropod shell features as thickness, spire height, surface ornamentation, and aperture size in thwarting predators such as crabs and fish (3). These features are believed to constrain the suite of potential predators on gastropods. Fish species that prey extensively on hardshelled mollusks are rare among teleosts and usually show structural adaptations for crushing their prey (4) . In contrast, a wide variety of teleosts with and without crushing morphologies feed successfully on other comparatively hard-shelled organisms such as crabs.
I present evidence that minor modifications of a general body plan can allow a teleostean predator (Asemichthys taylori) access to this underutilized prey resource (gastropods). Further, cases of unsuccessful pre-
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Asemichthys taylori is a member of the Cottidae, a family of benthic teleostean fishes found primarily in the temperate and boreal Northern Hemisphere. The range of Asemichthys extends from southeastern Alaska to Puget Sound, Washington. Cottids are diverse and abundant in intertidal and nearshore subtidal habitats of the northeast Pacific where they are important predators of benthic invertebrates, primarily crustaceans (5). The diet of Asemichthys differs from that of other cottids (6). Gastropods predominate (40% of the diet by mass), with three prosobranch gastropod genera (Alvinia, Margarites, and Lacuna) being the most common (7). Predation on a secondary prey, gammarid amphipods (20% by mass), also reflects the strong influence of gastropods in that one gammarid species common in the diet ofAsemichthys is a Batesian mimic of Lacuna and Margarites (8).
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Most teleostean fishes swallow their prey intact with a minimum of mastication (9). Most prey in the stomachs of cottid fishes, including Asemichthys, are intact. However, most snail shells consumed by this species show a distinct pattern of damage, ranging from a major punch (Fig. 1A) to a row of small holes (Fig. IB) at a single site on the shell. Asemichthys lacks the structural modifications (robust bones and molariform teeth) of the primary jaws or the pharyngeal jaws that allow molluscivorous teleosts to crush their prey. The key morphological innovations producing these holes are found on the vomer, the anteroventral element of the In contrast to the diets of other cottid fishes and most teleosts, the diet ofAsemichthys taylori is dominated by gastropod mollusks. Access to this underused prey appears to be made possible by morphological specializations of the neurocranium that allow Asemichthys to puncture the shells of its prey during mastication. Unpunched, the shell and operculum act as a barrier to digestion; more than 40% of the unpunched gastropods emerged alive in the feces.Asemichthys adjusted its punching behavior in an apparently adaptive way; other prey lacking such barriers to digestion were rarely punched. The ability of some shelled invertebrates to avoid digestion may make them less desirable as prey for many fishes that cannot masticate this kind of prey. The ability of shelled mollusks to survive in the digestive tracts of vertebrates may provide a dispersal mechanism for otherwise sedentary species.
In contrast to the diets of other cottid fishes and most teleosts, the diet ofAsemichthys taylori is dominated by gastropod mollusks. Access to this underused prey appears to be made possible by morphological specializations of the neurocranium that allow Asemichthys to puncture the shells of its prey during mastication. Unpunched, the shell and operculum act as a barrier to digestion; more than 40% of the unpunched gastropods emerged alive in the feces.Asemichthys adjusted its punching behavior in an apparently adaptive way; other prey lacking such barriers to digestion were rarely punched. The ability of some shelled invertebrates to avoid digestion may make them less desirable as prey for many fishes that cannot masticate this kind of prey. The ability of shelled mollusks to survive in the digestive tracts of vertebrates may provide a dispersal mechanism for otherwise sedentary species. (Fig. 1C) (10) . The vomer of Asemichthys is stout with a slight anteroventral curve, projecting into the buccal cavity. The short lateral wings are well supported by the central shaft and the teeth are arranged in a single row (Fig. 1D) . Observations made during mastication show that strong dorsal movements of the hyoid drive the snail shell against the vomerine teeth, concentrating an impact load over a small area, leading to local failure of the shell (11). Punches in gastropod shells are comparable in size to the length of the vomerine tooth row. Not all shelled prey are punched, and not all ingested prey die. In field samples, bivalves and shells inhabited by hermit crabs were rarely punched and the animals rarely survived (Table 1 ) (12). In contrast, more than 75% of the gastropod shells were punched, and more than 40% of the unpunched gastropods survived passage through the digestive tract. Examining the patterns of punching and survival among the gastropods reveals a compelling explanation for punching. Among the gastropods, the three most common genera had similar, high frequencies of punching and survival, but none of the limpets were punched or survived ( Table 2 ). The key morphological difference between these two groups is that limpets lack an operculum (13). The operculum and shell combination of these prosobranch gastropods prevents digestion. Punching the shell circumvents the opercu-I JULY 1988 lum and allows digestive enzymes access to the soft parts of the snail. The hard shell is the vulnerable element. Hermit crabs lack a structural analog to an operculum and require no special handling to promote digestion. Most of the bivalve species eaten by Asemichthys lack snug-fitting valves and are vulnerable to digestion (14) .
The shells of bivalves have the potential to function as barriers to digestive enzymes. In laboratory feeding experiments that examined the ability of a bivalve with snug-fitting valves to survive ingestion by Asemichthys, four of ten unpunched Transennella tantilla were recovered alive in the feces, but none of the punched individuals survived (G test, G = 6.39, P < 0.01, df = 1) (15). Asemichthys can adjust its mastication when feeding on prey with this ability, punching 22 of 32 T. tantilla ingested in the laboratory experiments, a higher frequency than seen for other bivalve species recovered from the feces (G test, G = 61.28, P < 0.001, df = 1). The mechanism by which Asemichthys distinguishes "vulnerable" and "protected" bivalves is unknown.
Asemichthys does not punch all gastropods it eats, although the shells of these species do not appear to be too tough to punch. Shells from genera lacking sculpture were not punched more often than those from genera with sculpture, nor were smaller (thinner) shells punched more often than larger shells (16) With the discovery of radioactivity in the 20th century, the fossil-based chronology was calibrated by a few radiometrically dated "tie-points," but the classification of geologic time was not altered by the calibration. Therefore, if extinctions carry some periodic signal, one would expect it to be reflected in (Mesozoic and Cenozoic). The largest mass extinction of all is at or near the PaleozoicMesozoic boundary. The Jurassic-Cretaceous boundary is based on an extinction event in the Tithonian stage, and so on.
With the discovery of radioactivity in the 20th century, the fossil-based chronology was calibrated by a few radiometrically dated "tie-points," but the classification of geologic time was not altered by the calibration. Therefore, if extinctions carry some periodic signal, one would expect it to be reflected in Because times of extinction so pervade the geologic time scale, it has even been suggested that the best way to look for extinction periodicity is to analyze the placement of the time boundaries rather than to work with the raw data of extinction (7). Bayer (8) has carried this reasoning further by using an assumption of periodicity to refine the existing radiometric time scale.
A reasonable conclusion from the foregoing is that, if extinctions in the geologic the radiometric time scale to the extent that boundaries are located at times of extinction. This is not to say that all boundaries in the time scale are at major extinction events, because other criteria for defining boundaries have been and are used. But the historical connection between the time scale and extinction is incontrovertible.
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